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(54) High speed heated roll 

(57) In a yarn treating machine, an electromagnetic 
bearing (12) is used as the heavily loaded bearing of a 
heated roll (5). The yarn is wound around said roll. A 
back-up roller bearing (28) is located close to the mag- 
netic bearing (12) and is effective only in case the mag- 
netic bearing should fail. If the roll consists of a hollowr 
cylindrical shell (5) fixed to a motor driven shaft (7) by 
means of a hub (6) provided at one end of the shell, the 



free other end of the shell carries a ring-shaped mem- 
ber (30) of electrically conducting material which 
projects into a circular, stationary arid inhomogeneous 
magnetic field, so that any radial oscillations of said free 
end will be damped by the generation of eddy currents 
within said conducting ring (30). 
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Description 

The present invention relates to high speed, heated 
rolls for yarn treating machines and in particular deals 
with bearings for such rolls. One type of such high 5 
speed rolls is used for spinning of partially drawn or fully 
drawn man made fiber. During the spinning process, the 
yarn spun by an extruder is wound around the shell of 
the roil. As shown in US patent 3 187 150 the shell may 
be heated by a stationary induction heater located 10 
inside said shell. The heated yarn is moved to a second 
heated roll of the same kind but running at a higher 
speed so that the yarn is stretched between the two rolls 
to achieve the desired molecular structure of the spun 
yarn. The circumferential speed of such rolls today goes 75 
up to 8000 m/sec. This high speed, together with the 
radial and tangential forces exerted by the drawn yarn 
onto the shell and its cantilever borne shaft, result in 
extreme working conditions for the shaft bearings, in 
particular for the bearing adjacent to the roll. These 20 
bearing conditions become even worse due to the high 
operating temperature caused by heating the shell of 
the roll. Such roll and shaft assemblies sometimes tend 
to oscillate causing additional forces which act upon the 
bearings. In order to prevent any resonant oscillations in 25 
the shaft, its size must be made thick enough to ensure 
that the entire aggregate, consisting of the roll and its 
driving motor, runs undercritically over the total operat- 
ing speed range. 

Todays roller bearings used for these purposes 30 
must be selected very carefully with extremely small 
mechanical tolerances. Nevertheless, they run at their 
speed limits and must be oil mist lubricated. Very careful 
maintainance and service is required by well trained 
personnel. Such ball bearings are subject to wear and 35 
must be exchanged after a limited operating period in 
order to prevent unplanned stoppage in yarn produc- 
tion. Such preventative service constitutes a considera- 
ble cost factor, especially when taking into account the . 
production down time during maintanance and/or 40 
exchange of the bearings. The use of oil mist or other 
lubricating methodes requires great care and monitor- 
ing of the oiling system leakage, its adjustment and 
supervision, since any escaping oil or oil mist may 
. impair the quality of the yarn under treatment. 45 
It therefor is a primary object of the invention to pro- 
vide an improved high speed roll for yarn treatment, to 
facilitate the maintainance of such rolls, and to reduce 
the operating costs of yarn treating machines compris- 
ing heated rolls running at extremely high speeds. so 

These and other objects are achieved by the inven- 
tion as described below and characterized in the claims. 
According to one aspect of the invention, a high speed 
roll for yarn treatment is driven by an electric motor and 
consists of a cylindrical shell fixed at one of ist ends by ss 
means of a hub to a driving shaft which is driven by said 
motor. The shaft extends through said shell and is sup- 
ported by two bearings spaced apart along the shaft 
The stationary, parts of the bearings are supported by 



the machine frame of the yarn treating machine, e.g. a 
spinning machine. According to the invention, at least 
one of the bearings, and in particular the bearing 
located adjacent to the shell, is an electro-magnetic 
bearing and has at least two energizing coils generating 
two magnetic fields extending rectangularily with 
respect to each other and with respect to the axis of the 
shaft. A four-quadrant shaft position sensing means is^ 
provided aside the magnetic bearing for sensing the' 
actual position of the shaft between the pole pieces of 
the magnets. Output signals of the position sensor(s) 
are fed to the input of an electronic feedback position 
controller, whose output signals are amplified and there- 
after control the energizing D.C. current flowing through 
the coil(s) of the electro-magnetic bearing. If only one of 
the two shaft bearings is an electro-magnetic bearing, 
the other one that is remote from the shell will be a con- 
ventional roller bearing. In the case of a heated roll, an 
inductor may be located stationarily inside the shell with 
the shaft extending through said inductor. 

In case the electromagnetic bearing(s) should fail, a 
back-up roller bearing must be provided close to the 
electromagnetic bearing. This back-up bearing prevents 
damaging the magnetic bearing in case of a power loss 
or a failure of the power amplifier delivering the energiz- 
ing current for the electromagnetic bearing. The back- 
up bearing has a clearance from the shaft or roll, 
respectively, and is not engaged during normal opera- 
tion of the magnetic bearing. If both bearings are mag- 
netic bearings, it is useful to provide a magnetic thrust 
bearing for absorbing axial forces of the shaft or roll, 
respectively. In all cases, the main advantage of using a 
magnetic bearing is not only the fact that magnetic bear- 
ings are not subject to mechanical wear, but in addition, 
the transfer of heat across the bearing is essentially 
reduced because there is no heat conducting mechani- 
cal connection between the stationary and the rotating 
parts of the bearing. 

Although most of the possible modes of displace- 
ments of the roll can be compensated by properly con- 
trolling the current flowing through the energizing coils 
of the electromagnets, there are still a few possible dis- 
placements which cannot be corrected this way; this in 
particular if only the roll is displaced but the shaft main- 
tains its regular position. This may happen, if the shell 
swings around the node where the hub is fixed to the 
end of the shaft. The invention provides means for sup- 
pressing or at least essentially damping such unwanted 
oscillations of the shell. These means preferably consist 
of a ring of electrically conducting material, such as AI 
or Cu, fixed to the rotating shell and projecting into an 
inhomogeneous portion of a stationary magnetic field. If 
the ring in the course of those vibrations changes its 
position within said field such that a different number of 
magnetic force lines are cut compared to the situation 
before said change, eddy currents will be induced in 
said ring, which will effectively dampen such radial oscil- 
lations of the shell. 

For amplifying the control signals of the electronic 
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feedback controller, preferably a chopper power ampli- 
fier is used. The gain factors of the controller as well as 
the 'spring rate' of the magnetic bearing are selected 
and adjusted to the controller such that the entire aggre- 
gate is running over the entire range of operating speed 
and load without any resonance and with properly 
damping any conditions of resonance. 

The invention and its details and advantages will 
now be described with reference to preferred embodi- 
ments as shown in the accompanying drawings. 
Therein: 

Fig.1 shows an induction heated roll driven by an 
electromotor with two electromagnetic bear- 
ings supporting the motor shaft at both sides 
of the motor stator. 

Fig.2 shows a similar heated roll with the bearing 
close to the roll being a magnetic bearing and 
the remote bearing being a conventional roller 
bearing. A back-up roller bearing is associ- 
ated with the magnetic bearing. 

Fig. 3 shows a sectional view of the magnetic bear- 
ing along section line Ill-Ill in Fig. 1 and 2 
together with the position sensors, the current 
controller, and the amplifier for the energizing 
coils of the magnetic bearing. 

Fig. 4 represents a schematic drawing of a mode of 
oscillation of the roller shell around the node 
of the hub by which it is fixed to the drive shaft 

Fig.5 shows an enlarged view of the means for 
damping oscillation modes of the roll as 
shown in the computer simulated representa- 
tion of Fig.4. 

Fig. 6 shows a further embodiment of an induction 
heated roll, wherein a magnetic bearing is 
provided at each end of the induction heater 
inside the roll. 

Fig. 7 shows a similar induction heated roll, wherein 
the induction heater and the motor stator are 
fixed to a stationary shaft or tube and the rotor 
surrounds said stator. 

Fig. 8 shows a motor driven induction heated roll 
having its shaft supported by a magnetic 
bearing and a roller bearing and comprising a 
disengageable back-up bearing. 

Fig. 9 is an enlarged representation of the back-up 
bearing for the shaft in Fig. 8. 

In Fig. 1 , the frame 1 of a yarn spinning machine 
holds at its one side a housing 2 of an electromotor and 
on its other side a laminated magnetic core 3 of an 
induction heater. A coil 4 is wound around said core 
which together with a cylindrical shell 5 of the roll consti- 
tutes a magnetic circiut for heating said shell. A copper 
layer (not shown) may be provided on the internal sur- 
face of shell 5 for increasing the heating effect by eddy 
current heating of said copper layer. Shell 5 is fixed by 
means of a hub 6 to driving shaft 7 which is driven by 
electric motor 8 comprising rotor 9 and stator 1 0 both 



beeing assembled of laminated steel sheets. Stator 10 
carries energizing coils 1 1 and is supported by motor 
housing 2. Also supported by housing 2 are two electro- 
magnetic bearings 12 and 13, one at each side of stator 
5 10. Since the shown magnetic bearings generate bear- 
ing forces only , in the radial direction, an additional 
thrust bearing, in the form of a conventional roller bear- 
ing 14 is provided at the end of shaft 7 remote from shell 
5 and absorbs axial forces acting upon shaft 7. The sta- 
10 tionary cage of thrust bearing 14 is held by the rear 
flange 15 of motor housing 2. Various types of magnetic 
bearings are known , e.g. from U.S. patent 4 037 886. 

A preferred second embodiment of the invention is 
shown in Fig.2. Parts identical in shape or function with 
75 parts of Fig. 1 are labelled with the same reference 
numerals and will not be described again. In this config- 
uration, only bearing 12, which is located adjacent roll 
5,6 and. heater 3,4, is a magnetic bearing whereas the 
bearing remote from roll 5,6 is a roller bearing(s) 14 
20 which simultaneously act(s) as a thrust bearing for 
absorbing axial forces acting upon shaft 7. The inductor 
coil 4 is subdivided into partial coils 4a to 4d, which are 
energized separately in order to improve the tempera- 
ture profile along shell 5. As in Fig. 1 a thread or yarn 
25 (not shown) is wound at least once, but mostly several 
times around the shell 5 and is heated to a desired yam 
treating temperature. The magnetic core 3 of the induc- 
tion heater here is formed by a supporting end portion 
3a, a cylindrical core member 3b, and hub 6. 
30 Fig.3 shows schematically a sectional view of the 
magnetic bearing 12 along the section line Ill-Ill of Fig. 
1 or 2. A four-quadrant or other multiple circumferential 
division arrangement of four or more magnetic pole 
pieces 23a to 23d carries a plurality of energizing coils 
35 24a to 24d. The front surfaces 21 of pole pieces 23a to 
23d face the circumferential surface of shaft 7. Several 
magnetic position sensors 25a-to 25d (only two of them, 
namely 25a and 25c are seen in Fig.2) sense the radial 
position of shaft 1 7 in the neighbourhood of magnetic 
40 bearing 12. These position sensors may be eddy cur- 
rent, inductive, optical, capacitive, Hall-effect or other 
proximity sensors. The difference between the output 
signals of vertical position sensors 25a and 25c is fed to 
the signal inputs of a first controller 26a, preferably an 
45 electronic feedback controller, which may have propor- 
tional, integral and derivate terms of ist control function 
(sometimes called a PID controller). In this controller 
said differential signal is compared with a setpoint sig- 
nal. The output signal of the controller is amplified by 
so means of a first chopper amplifier 27a which provides 
the energizing current for vertical bearing coils 24a and 
24c of magnetic bearing 12. In the same manner, the 
output signals of horizontal position sensors 25b and 
25d control the energizing current for horizontal bearing 
55 coils 24b and 24d via a second electronic feedback con- 
troller 26b and a second amplifier 27b. 

During start-up of roll rotation and in the case of a 
failure of power amplifier 27 or even a general power 
failure, an auxiliary roller bearing 28, called a back-up 
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bearing, is used for. ensuring safe operation of the roll.. 
An air gap of about 0,2 mm is provided between the 
interna! cage of this back-up bearing and the shaft 7, so 
that during normal operation of the magnetic bearing 
there is no engagement between this back-up bearing 5 
28 and shaft 7. 

Another feature of the invention will now be 
explained with reference to Figures 2, 4 and 5. The posi- 
tion sensors 25 of Figures 2 and 3 can only sense dis- 
placements of shaft 7. If, however, shell 5 is displaced 10 
without a significant displacement of shaft 7, those sen- 
sors 25 and the associated shaft position control means 
will not be effective. Fig.4 shows how shell 7 could turn 
or oscillate around node region 29 where hub 6 is fixed 
to the left end of shaft 7. In order to prevent such dis- is 
placements or oscillations of shell 5, the embodiment of 
Fig. 2 comprises a ring 30, composed of copper, alumi- 
num or other conducting material, fixed to the shell 5 as 
shown in Fig. 5. Ring 30 projects into a stationary, inho- 
mogeneous, ring-shaped magnetic field generated by 20 
ring coil 31. This ring-shaped coil 31 is carried by a 
cover ring 32 held by a core member 3a. Fig. 5 shows an 
enlarged view onto this coil 31 and ring 30. Cover ring 
32 has a U-shaped cross section, so that a radial inho- 
mogeneous magnetic field extends between a circular 25 
pole member 32a and an associated circular pole mem- 
ber 32b mounted on portion 3a of core 3. Ring 32 is 
made of a magnetic material and therefor together with 
the core portion 3a constitutes a ring-shaped magnetic 
circuit for the damping means.. As long as there is no 30 
radial movement of ring 30 within this magnetic field, 
there will be no influence of this equipment onto shell 5. 
If, however, shell 5 is radially displaced or even oscillat- 
ing as shown in Fig.4, then conducting ring 30 will move 
into portions of different magnetic field density, so that 35 
eddy currents will be induced in the conducting ring 30, 
which together with the magnetic field of ring coil 31 
generate damping forces acting against such displace- 
ment. Therewith, this damping means automatically 
prevents the shell from beeing displaced or oscillating in 40 
the kind as shown in Fig.4. 

A further embodiment of an induction heated roll 
according to the invention is shown in Fig.6. Again, 
identical reference numerals designate elements corre- 
sponding to elements of the previous figures. In this 45 
case two magnetic bearings 41 and 42 are positioned at 
either end of the induction heater 3,4. Current control 
means for magnetic bearings 41 and 42 are provided as 
in Figures 2 and 3 but are not shown and described 
again. The stationary pole pieces of magnetic bearings so 
41 and 42 are supported by a tube 43 which is part of 
inductor carrier 44. This carrier is fixed to machine 
frame 1 and carries inductor core 3. In this case the pole 
pieces of bearings 41 and 42 lie inside shell 5 which is 
magnetically supported by those bearings. ss 

Fig. 7 represents still another example of the inven- 
tion. A housing 2 is fixed to machine frame 1, and an 
end plate 15 of this housing holds a fixed cylindrical 
support shaft or tube 50. This stationary shaft or tube 50 



carries stator 10 of motor 8, which stator 10 in this case 
is surrounded by rotor 9. Shaft 50 furthermore carries 
the stationary pole pieces and coils of magnetic bear- 
ings 51 and 52 as well as inductor core 3 with its ener- 
gizing coil 4, which could be divided into several coil 
portions as mentioned above with reference to Fig. 2. 
Shaft or tube 50 is fixed to machine frame 1 via end 
plate 15 and motor housing 2, and therefor does not 
rotate but is stationary. Shell 53 at its right portion 53a 
carries at its internal surface the rotor 9 of motor 8. 

In case of a failure of the magnetic bearing, a back- 
up bearing must prevent damage of the parts of the 
magnetic bearing as well as of the motor. Such back-up 
bearing normally is a radial bearing whose inner race is 
separated from the shaft by an air gap, which is smaller 
than the air gap of the magnetic bearing and the air gap 
between the stator and the rotor of the motor, during 
normal operation. In case of an unbalance of the rotat- 
ing mass, however, displacements of the rotating body 
may occur if the centrifugal forces of the rotating body 
are bigger than its weight. These displacements could 
be approximately twice the size of the air gap between 
the inner race of the back-up bearing and the shaft. For 
avoiding this problem, the invention provides that during 
normal operation of the roll the inner race of the back-up 
bearing is separated from the shaft by an air gap but in 
case of a magnetic bearing or other failure, this air gap 
is removed and the inner race of the back-up bearing fits 
tightly on the shaft The back-up bearing which normally 
is disengaged, in case of a failure, is promptly coupled 
with the shaft. 

Fig. 8 shows an induction heated roll similar to Fig .2 
including a motor 8, a magnetic bearing 12, a thrust 
bearing 14, a shaft 7, and shaft position sensors 25a, 
25c with sensor coils 25a1 and 25c1 for sensing vertical 
displacements of shaft 7. Corresponding sensors 
25b,25d and associated sensor coils for horizontal dis- 
placement sensing are not shown in Fig.8. These sen- 
sor coils are connected to the inputs of coresponding 
electronic feedback controllers 26a and 26b, respec- 
tively, as this was described earlier in relation to Fig.3. 
The apparatus further includes a stationary magnetic 
inductor core 3 provided with energizing coils 4a to 4d 
for inductively heating roller shell 5. 

A back-up roller bearing 28 and its details will now 
be desribed with reference to Fig. 9 representing a por- 
tion of Fig.8 at a larger scale. The outer race 60 of said 
roller bearing 28 is fastened to a housing 61 which is 
slideable in the axial direction with respect to hollow 
cylindrical support tube 62 carried by machine frame 1 . 
A ring-shaped extension 63 of housing 61 extends like a 
piston into a ring-shaped space 64 of a piston housing 

65 which is fixed to support tube 62. A connecting tube 

66 connects space 64 to a source of pressurized air (not 
shown) via a three-way solenoid valve 67. Several com- 
pression springs 68 tend to push housing 61 to the right 
against the force generated by said air pressure within 
chamber or space 64. Inner race 69 of back-up bearing 
28 is carried by an inner ring 70 to which a ring-shaped 
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engagement piece 71 is fixed having a conical or 
tapered coupling surface 72. Shaft 7 has a correspond- 
ing tapered outer coupling surface 73 located opposite 
surface 72. 

During normal operation, air under pressure moves 
piston 63 to the left against the spring force of springs 
68. Therewith surfaces 72 and 73 are out of engage- 
ment and are separated by an air gap. In case of a fail- 
ure within magnetic bearing 12 or its energizing circuit, 
the current through the energizing coil of solenoid valve 
67 disappears so that this valve closes the supply of 
pressurized air into space 64 and instead bleeds-off the 
pressure within space 64 to the atmosphere. Therewith 
springs 68 quickly move housing 61 to the right and 
together with it move surface 72 into engagement with 
surface 73 via roller bearing 60,69 so that this back-up 
bearing now becomes effective and takes over the func- 
tion of magnetic bearing 12. The current through sole- 
noid valve 68 is preferably controlled by a self-checking 
fail-safe circuit of the enegizing circuit for the magnetic 
bearing. 

The above desribed back-up bearing in addition 
provides an effective protection for the magnetic bear- 
ing against damage during transport of the apparatus. 
During transport there is no supply of pressurized air 
into space 64 so that bearing 12 is firmly engaged with 
shaft 7 and ail rotating masses are secured against 
radial movement caused by vibration or shock forces. 

The invention can also be used for non-heated rolls 
and, in particular, for the spindle drive shaft of winding 
machines. 

Claims 

•1. A high speed roll for yarn treatment driven by an 
electric motor, wherein 

a) said roll comprises a cylindrical heated shell 
(5) fixed at one of its ends by means of a radial 
hub (6) to a driving shaft (7) driven by said 
motor (8); 

b) said driving shaft (7) extends through said 
shell (5) and is supported by two bearings (12, 
13,14) provided spaced apart along said shaft; 

c) the stationary parts of said bearings are sup- 
ported by the machine frame (1) of a yarn treat- 
ing machine; characterized in that 

d) a first one of said bearings, located inside or 
adjacent to said shell, is an electromagnetic 
bearing (12) having several magnetic pole 
pieces (23a to 23d) facing the circumference of 
said shaft from two orthogonal directions and 
having energizing coils (24a to 24d) wound 
around said pole pieces; 

e) a touch-free shaft radial position sensor (25a 
to 25d) is provided near said magnetic bearing; 

f) output means of said shaft position sensor is 
connected to input means of a position control- 
ler (26a, 26b), whose output signals control the 



flow of electrical current through said energiz- 
ing coils (24a to 24d); and 
g) the second bearing (13, 14), located remote 
from said sheil (5). is a roller bearing. 

5 

2. A high speed roll for yarn treatment driven by an 
electric motor, wherein 

a) said roll comprises a cylindrical shell (5) 
10 fixed at one of its ends by means of a radial hub 

(6) to a driving shaft (7) driven by said motor 
(8); and 

b) said driving shaft (7) extends through said 
shell; chacterized in that 

is c) said driving shaft (7) is supported by two 

electromagnetic bearings (12, 13) provided 
spaced apart along said shaft; 

d) the stationary parts of said bearings (12, 13) 
are supported by the machine frame (1) of a 

20 spinning machine; 

e) each of said magnetic bearings (12, 13) 
comprises several magnetic pole pieces (23a 
to 23d) facing the circumference of said shaft 
from two orthogonal directions and has ener- 

25 gizing coils (24a to 24d) wound around said 

pole pieces; 

f) touch-free shaft radial position sensor means 
(25a to 25d) is provided near each of said mag- 
netic bearings (12, 13); 

30 g) output means of each shaft position sensor 

is connected to input means of a shaft position 
controller (26a, 26b) for controlling the flow of 
electrical current through the energizing coils 
(24a to 24d) of the corresponding magnetic 
35 bearing (12, 13). 

3. A high speed roll for yarn treatment driven by an 
electric motor, wherein 

40 a) said roll comprises a cylindrical shell (53a, 

53b) fixed to the rotor (10) of an electrical 
motor; 

b) the stator (9) of said motor (9, 10) is provided 
inside the motor rotor (1 0) and is supported by 

45 a stationary shaft or tube (50) extending 

through said shell and through the motor; 

c) said shaft or tube (50) is fixed to the machine 
frame (1) of a yarn treating machine; 

d) said shell (53a, 53b) is supported by two 
so electromagnetic bearings (51, 52)provided 

spaced apart along said shaft or tube (50); 

e) the stationary parts of said bearings are 
fixed to said shaft or tube; 

f) each of said magnetic bearings (51 , 52) com- 
55 prises several magnetic pole pieces facing the 

internal circumference of said shell from two 
orthogonal directions and has energizing coils 
- wound around said pole pieces; 

g) a touch-free shaft radial position sensor 



5 



9 



EP 0 770 719 A1 



10 



means is provided near to each of said mag- 
netic bearings; and 

h) output means of each shaft position sensor 
is connected to input means of a shaft position 
controller for controlling the flow of electrical s 
current through the energizing coils of the cor- 
responding magnetic bearing. 

4. The roll of claim 3 wherein said shell (53) carries a 
number of exchangeably mounted bobbins of a 
yarn winding machine. 

5. The roll of claim 3, wherein the shaft (50) carries 
the magnetic core (3) and the at least one energiz- 
ing coil (4) of an induction heater for heating said 
shell (53). 

6. The roll of claim 1 or 2, wherein a stationary induc- 
tion heater (3, 4) is provided between said shell (5) 
and said shaft (7) and said shaft extends through 20 
said heater. 

7. The roll of one of the preceding claims , wherein a 
back-up roller bearing (28) is provided, close to said 
magnetic bearing. 25 

8. The roll of claim 1, wherein the magnetic bearing 
(12)is provided between the motor (8) and the shell . 
(5). 

30 

9. The roll of claim 2, comprising a magnetic bearing 
(12,13) at each side of the motor (8). 

10. The roll of claim 5, comprising a magnetic bearing 

(41 , 42; 51 , 52) at each side of the induction heater 35 
(3, 4). 

11. The roll of one of the preceding claims, comprising 
an additional roller bearing (14) for absorbing axial 
thrust of the shaft (7). 40 



a) said outer race (60) is fixed to a ring-shaped 
housing (61) which is slideably guided in axial 
direction within said machine frame (1, 62); 

b) said inner race (69) is fixed to a ring-shaped 
coupling .member (71) comprising a ring- 
shaped coupling surface (72); 

c) said shaft (7) has a corresponding ring- 
shaped counter coupling surface (73) facing 
the . coupling . surface (72) of said coupling 
member (71); 

d) said housing (61) is spring biased (68) in the 
axial direction for engagement of said coupling 
surfaces (72,73); 

e) means (63, 64, 65) are provided acting upon 
said housing (61) in opposite direction of said 
spring bias (68) for actively moving said hous- 
ing (61) in the opposite axial direction for disen- 
gaging said coupling surfaces (72, 73). 

15. The back-up bearing of claim 14, wherein said cou- 
pling surfaces (72, 73) are conically tapered in the 
axial direction. 

16. The back-up bearing of claim 1 4 or 1 5, wherein said 
disengaging means include a piston-like, ring- 
shaped extension (63) of said housing (61) extend- 
ing tightly into a ring-shaped piston chamber (64) 
which is fixed to said machine frame (1 , 62) and is 
connectable to a source of pressurized air. 

17. The back-up bearing of claim 16, wherein a sole- 
noid valve (67) is provided between said source of 
pressurized air and said ring-shaped piston cham- 
ber (64). 

18. The back-up bearing of claim 14, 15, 16, or 17, . 
wherein a plurality of compression springs (68) is 
located spaced apart around a front surface of said 
housing (61). 
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12. The roll of one of the preceding claims, wherein the 
current controller comprises an electronic feedback . 
controller (26a, 26b) followed by a chopper ampli- 
fier 27a, 27b). as 

13. The roll of one of the preceding claims, comprising . 
a ring-shaped member (30) of electrically conduct- 
ing material fixed to the free end of the shell (5), 
which member projects into a stationary, circular so 
and inhomogeneous magnetic field for dampening 
radial vibrations of said free end of the shell. 

14. A back-up roller bearing for a rotating shaft (7) 
which is radially supported in a machine frame by ss 
means of at least one magnetic bearing (12), said 
back-up bearing (28) comprising an outer race (60) 
and an inner race (69), wherein 



6 



